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Direct Photons in p+p Collisions — Why?
1. Test of QCD

B Photon directly from interaction of pointlike partons, no complication
due to parton - hadron fragmentation

2. Information about gluon distribution in the proton
(especially interesting for fractional momenta Xgj, e, > 0.1)

B Gluon involved at leading order (LO) in Quark-Gluon Compton
scattering (g+g - q+y)

B This is in contrast to deeply inelastic scattering and Drell-Yan where
gluon is involved only at NLO

B However, y data not generally used in global QCD fits!!

3. Baseline for direct photon measurements in A+A collisions

Experimental Challenge: Background from n’ — Y+y, N —>7Y+Yy
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B Decent agreement at large Vs

o

_ Direct photon production
» WA70 Ns=23.0 GeV - 0o
s A o by proton beams B Substantial deviations between

e E706 Vs=31.6 GeV
o E706 \s=38.8 GeV data and NLO pQCD at small Vs
* R806 Vs=63.0 GeV
« R807 2/15—63.0 GeV e fi
R110Vs=63.0 GeV :
= CDF ;!sl1sc1(} GeV HESHONS.
0 D@ Vs=1800 GeV |

-
o
o
<
l—
L
whd
©
o

¢ |[s there a systematic pattern of
deviation?

¢ [f so, can the introduction of
additional transverse
momentum (k;) of initial partons

PLQ Theoty improve the agreement?
W=pp/2 ;
CTEQA4M parton distributions

Stat and sys uncertainties combined

¢ Are the data sets mutually
consistent?

hep-ph/0005226
PP Need new measurements

to solve the puzzle
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. B Data from E706 fixed target
Y production on Be target experiment can be explained
800 GeV/c p beam (x 10 ) with <k_|_> =~ 1.3 GeV/c

)

K; broadening:

NLO Theory
L=p;/2

Standard
pQCD
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E706, Phys.Rev.D70:092009,2004 Is there evidence for
k; broadening in
p+p at Vs =200 GeV ?
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RHIC: Relativistic Heavy lon Collider

B 2 independent rings

¢ circumference 3.8 km

¢ 0 intersection, 4 experiments

B Any nucleus on any other,
polarized p+p collisions

B Luminosities:
¢ Au+Au: 2 x 1026 cm—=2s-1

¢ p+p: 1.4 x 1031 cm-2s-1

Focus of this talk:
p+p direct photon data from

Run-3 (2003)
Js =200 GeV, f L dt =266nb"




The PHENIX Electromagnetic Calorimeter

m PbSc:

central ¢ Highly segmented lead

magnet

scintillator sampling calorimeter

¢ Module size:
55cm x5.5cm x 37 cm

m PbGl:

¢ Highly segmented lead glass
Cherenkov calorimeter

¢ Module size:
40cmx4.0cm x40 cm

beam view

B Two technologies — very

Pseudorapidity coverage : |n| < 0.35 important for understanding
systematic errors
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Analysis Procedure (l)

1. Start with all photons in a
given p; bin

2. 1P-Tagging:

m Determine number of
photons in this bin which
form inv. mass in 10 range
with any other hit

B Subtract combinatorial
background

3. Correct for tagging
efficiency and contribution

fromn, w, N’

L— —
8 Vi = Vo~ N

7

: Number of inclusive y --
in a given py bin

= >N
! decay
decay, tagged

decay

Tagging efficiency from
Monte Carlo simulation

/ é.tagging

=N~

decay,tagged
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Analysis Procedure (ll)

m Efficiency for tagging ™° decay photons determined with
Monte Carlo calculation

Monte Carlo: fate of ° decay photons
1

To 100% removed by a cut
on the shower width

fraction

m° decay photons

that are tagged = Experimental

background = A+B

Tagging Efficiency:

A
6 —_—

8 10 12 14 tagglng
Photon shower p; (GeVIc) A+B

Shower merging of T decay photons doesn’t pose a problem!
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p+p at 's =200 GeV m p+p direct photon data at
® PHENIX Preliminary

FRRie S S g highest energy world wide

~ NLO pQCD (by W.Vogelzsang)
CTEGsM PDF

B NLO pQCD (W. Vogelsang)
¢ CTEQG6M PDF
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¢ GRYV parton-to-photon
fragmentation function

¢ Uncertainty due to choice of
unphysical scales: 20-30%

Good agreement between
data and NLO pQCD
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Aurenche et al Eur. Phys. JC9,10(1999) Plot updated with PHENIX data:
Monique Werlen, RHIC-AGS
T Users meeting, 2005

E7oé pBe/soo

UAG p

AFS pp

o |PHZENIX

Data / Theory

{ NLL ACFGP

i M=u=MF=pt/2
CTEQ4M A=296 MeV
frag BFG

No need for additional
k; broadening in NLO

pPQCD description of

-
PH-ENIX p+p data at Vs = 200 GeV
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Ed’c/dp’ (pbGeV~c®)
o

-y
o

10

M

Isolation Cut

- PHENIX Preliminary (Subtraction)
o PHENIX Preliminary (Isolation)

Shaded box represents systematic errors

= W|th isolation cut

/H

W|thout isolation cut

B |solation cut:

R::\/An2+A¢2
(R<0.5)< E_x0.1

sum

B No correction for isolation cut
efficiency

No discernable difference
in direct photon cross
section with and without
isolation cut
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p+p at Js =200 GeV

NLO pQCD

H = P, O-SPT! 2pT
(W. Vogelsang)

I{II|[III[IIIIlIIIIlIIIIlIIIIlI]

.
PHENIX 10 data: . .
T AR YR o Bl Yairect | TO data agree with pQCD expectation
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Direct Photons A+A Collisions — Why?

1. High p; direct photons provide measure of parton
luminosities in A+A collision

B High-p; direct photons produced in initial hard parton-parton
scatterings

B Photons leave the subsequently produced medium
(quark-gluon plasma!? ) unaltered

2. Low p; thermal direct photons (~1 < p; < ~3 GeV/c)
reflect the temperature of the quark-gluon plasma
( ) (not part of this talk)
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Direct Photons in Au+Au

= 200 GeV

= (Tpg) X p+p pQCD

MinBias x 10°
&> <@

0-10% x 10°
10-20% x 10
20-30% x 10™
30-40% x 10°

40-50% x 10

50-60% x 10

60-92% x 103

0 2 4 6 8 1012 14 16 18

Y
PH -ENIX
Phys.Rev.Lett.94:232301,2005

p; (GeV/c)

B Nuclear overlap function (T ,g)

¢ Measures increase of parton
luminosity as function of
impact parameter b

¢ Calculated with a simple
geometrical Glauber model

High-p; direct photons
scale with (T,g)
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Nuclear Modification Factor R,g

PHENIX Au+Au (central collisions): dN/dp ‘
] T

[ Direct y A+B

s 7 T,z)Xdo/dp,

mn
GLV parton energy loss (dN°/dy = 1100)

ptp

—
<
-
= III|

Hadrons are suppressed while direct photons are not:
Evidence for parton energy loss (as expected in the QGP)
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Summary

m p+p collisions at Vs = 200 GeV
¢ Direct photon production described by NLO pQCD

¢ No need for strong initial state k; broadening in pQCD
description

B Au+Au collisions at Vs, = 200 GeV

¢ High-p; pions are suppressed relative to parton luminosity
increase calculated from nuclear geometry
(i.e. relative to T,g x p+p)

¢ Unlike pions high-p; direct photons follow T ,5 scaling

¢ Thus, pion suppression is a final state effect, consistent with
parton energy loss in a quark-gluon plasma

16 Klaus Reygers, PHOTON 2005






18

Backup
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Isolation Cut (I)

Isolation cut R= \/A n'+A¢® <0.5
in this analysis E., (R<0S5)<E X0.1

sum

NLO pQCD calculation by W. Vogelsang (p+p at vs=200 GeV) Isolation cut

should remove
contribution from
bremsstrahlung

Difficult to
determine the
efficiency of the
Isolation cut
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- PHENIX Preliminary (Subtraction) : : :
o PHENIX Preliminary (Isolation) No correction for isolation cut

Shaded box represents systematic errors efﬂ C|e N Cy

Ed’c/dp’ (pbGeV~c®)

/with isolation cut

without isolation cut

No discernable difference
in direct photon cross

section with and without
isolation cut
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p+p at /s =200 GeV

A
[]
[$)]
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= PbSc West

[mb/GeV?]
—

3
c
dp3

pure statistical subtraction
of background photons

gd

2

T0 taggin
PHENIX SRR
Preliminary

12 14 16
direct photon P; [GeV]

Good agreement between different detectors and methods
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participant

B T,g scaling of direct photons for all centrality classes

B Pion suppression sets in for N__. greater ~50-75
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4 p+p PHENIX Preliminary
— NLO-pQCD
CTEQ6M u=0.5p.,p;,2p;

-o-d+Au PHENIX Preliminary

— Binary-Scaled NLO-pQCD
CTEQ6M u=0.5p,p1,2p
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200 GeV p+p, tagging method:

Lowest p;  Highest p-
5-5.5 15-17

[GeV/c] [GeV/c]

T tagging efficiency 30% 5%
Non 1° contribution 27% 6%
Photon acceptance and smearing 10% 10%
Photon conversion effect 1% 1%_

Point to point

Luminosity measurement 12% 12% }
BBC trigger bias 3% 3%

Total 43% 18%
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Decent agreement at large Vs

o

. WAT0Vs=23.0 Gey  DPirect photon production

- UA6 \5=243 GeV by proton beams Substantial deviations between
e E706 \s=31.6 GeV

o E706 Vs=38.8 GeV data and NLO pQCD at

* R806 Vs=63.0 GeV
« R807 Vs=63.0 GeV small Vs
R110Vs=63.0 GeV

= CDF Vs=1800 GeV
0 D@ \s=1800 GeV
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Systematic pattern of deviation
lead to speculations that
transverse momentum (k;) of
initial partons prior to hard
scattering needs to be taken

into account ...
NLO Theory

?;EP(T)—“:I\%I parton distributions .orm aybe th ere are J u St

Stat and sys uncertainties combined |nC0nS|StenC|eS |n the
' measured data?

hep-ph/0005226
PP Need new measurements

to solve the puzzle
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